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Indian Standard 

SPECIFICATION FOR 
PERSONAL SOUND EXPOSURE METER 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 28 December 1982, after the draft finalized by the Acoustics Sectional 
Committee had been approved by the Electronics and Telecommunication 
Division Council. 

0,2 It is generally agreed that the level and duration of exposure to 
a sound are related to hearing damage and may also relate to other 
health hazards. The personal sound exposure meter is used for monitoring 
the exposure of an individual to sounds that may damage hearing. The 
personal sound exposure meter is a device, usually worn on a person, 
that integrates a function of A-weighted sound pressure over time to 
produce a result called sound exposure. 

0.3 Two types of personal sound exposure meters are specified, designated 
as Type 2 and Type 3. The type designation is consistent with IS : 9779- 
1981*. Specifications for both types have the same design centre and 
differ only in the tolerances allowed. Types and 1 exposure meters are 
not specified because the degree of precision of these types is not 
warranted in the environment implicit in a wearable application. When 
not otherwise stated, tolerances given apply for both Type 2 and Type 3 
instruments. 

0.4 The exposure meter specified integrates the square function of 
A-weighted sound pressure over time. An increase in sound level by 3 dB 
is equivalent to doubling the exposure duration. Other exchange rates, 
such as 4 dB and 5 dB, are also in use but they are not specified in this 
standard. 

The exposure meter is calibrated in the physical unit of Pascal- 
squared-hours ( Pa h ). Some instruments of this type now in current 
use, are calibrated to read a fraction or percentage of a legal limit of 
exposure. This limit varies from country to country and may vary from 
time to time. Because continuation of this practice will probably lead to 
confusion in the future, it is not permitted by this standard. 
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0.5 This standard follows the principles adopted for calibration of 
sound-level meters as in IS : 9779-1981*. Calibration is in a free sound 
field in a reference direction specified by the manufacturer and without 
the device being attached to a person. 

0.6 It is not the purpose of this standard to specify a general-purpose 
integrating instrument ( integrating sound-level meter ). 

0.7 A personal sound exposure meter is usually worn by a person with the 
microphone mounted on the shoulder or at an ear. If a comparison is 
made between the results of an area monitor or sound level meter and 
the results with the exposure meter mounted on the person immersed in 
the same sound field as was monitored by the area monitor, differences 
are likely to occur. For many practical situations where the angle of 
incidence of the sound varies widely, these differences are small. 

0.7.1 The sound integrated by the exposure meter worn on the person 
is usually about 1 or 2 dB higher than that indicated by the area 
monitor. Standardization of these differences is beyond the scope of 
this standard, but this possible difference should be noted when an 
exposure meter is used. 

0.8 While preparing this standard assistance has been derived from 
IEC 29C( CO. )43 ' Personal sound exposure meter ' issued by the 
International Electrotechnical Commission ( IEC ). 

0.9 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, 
expressing the result of a test, shall be rounded off in accordance 
with IS : 2-1960J. The number of significant places retained in the 
rounded off value should be the same as that of the specified value 
in this standard. 



1. SCOPE 

1.1 This standard covers requirements in respect of characteristics and 
tolerances of personal sound exposure meters. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, definitions given in IS : 1885 
( Part III )% shall apply in addition to the following. 



♦Specification for sound level meters. 

fRules for rounding off numerical values ( revised). 

JElectrotechnical vocabulary : Part III Acoustics. 



IS : 10423 - 1982 

2.1 Weighted Sound Pressure Level in decibels ( dB ), is 20 times the 
logarithm to the base ten of the ratio of a weighted sound pressure to the 
reference sound pressure. For the instrument described in this standard, 
sound pressure is weighted in accordance with the frequency weighting 
A given in Table 1. The reference sound pressure is 20 p Pa (20 /j. N/m 2 ) 
and does not depend on the frequency weighting. When quoting the 
weighted sound pressure level, the frequency weighting must be 
indicated. 

Note — The term weighted sound pressure level, used throughout this standard, 
is often abbreviated to 'weighted sound level' or 'sound level' in English-speaking 
countries. 

2.2 Threshold Level is the A-weighted sound-pressure level of a sinusoidal 
signal at the input below which the exposure meter produces little or no 
indication. Sounds below this level are not expected to contribute 
significantly to the indicated sound exposure. 

2.3 The Crest Factor («) of a signal is the ratio of the peak value to the 
rms value of this signal over a specified time interval where instantaneous 
values of the signal are measured with reference to the arithmetic mean 
value. For testing purposes using tone bursts, it is easier to measure the 
burst- duty factor than the crest factor. The relation between these two 
is given in Appendix A. 

2.4 Equivalent Continuous Sound Level ( L eq ) is the time-mean- 
square, A-weighted sound pressure level during a stated time period. 

2.5 Sound Exposure E is the time integral of the squared A-weighted 
sound pressure. The unit of sound exposure is the pascal-squared hour 
( Pa 2 h ). One pascal-squared hour is equal to a sound level of 84"95 dB 
existing for a duration of eight hours. The relation between equivalent 
continuous sound level ( Z e q ) for a time period T and sound exposure is 
as follows: 

^AeqT = [ 10 log A_\ dB ( 1 ) 

where 

T = integration time in hours, and 
p = reference pressure of 20 n Pa. 

5 
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The relation between sound exposure ( E ) and equivalent conti- 
nuous sound level ( L eq ) is given below, over a limited range, for the 
special case of an eight-hour exposure duration : 

Zeq(dB) £(Pa 2 .h) 

75 0-101 19 

76 0-127 39 

77 0-160 38 

78 0-201 91 

79 0*254 19 

80 0*320 00 

81 0-402 86 

82 0-507 17 

83 0-638 48 

84 0-803 80 

85 1-01193 

no i .c\io r\A 

OU 1 &IO at 

87 1-603 80 

88 2-019 06 

89 2-541 85 

90 3-200 00 

91 4-028 56 

92 5-071 66 

93 6-384 84 

94 8038 04 

95 10-11929 

The relation between sound exposure and sound exposure level is 
given by the equation below : 

( L AE - 129-5) ,™ 

£(Pa 2 h)=10 10 

where Z A e is sound exposure level in dB. Note that the 
reference duration for sound exposure is one hour, whereas the 
reference duration for sound exposure level used in some other 
acoustic measurements is one second. 
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2.6 Time Constant is the time required for a quantity that decreases 
exponentially with time to change by a factor of Ije ( fje = 036 79 ). 

2.7 Dynamic Range is the difference between the lower and upper sound 
levels specified by the manufacturer between which the exposure meter 
operates linearly within the stated tolerances ( see 4.4 ). The lower level 
is the stated threshold level or an equivalent level as specified by the 
manufacturer. In an exposure meter that includes a sensitivity range 
control, each position of the sensitivity range control generally provides 
different lower and upper sound levels and possibly different dynamic 
ranges. 

2.8 Reference Direction is the direction of sound incidence specified 
by the manufacturer to be used for testing the absolute sensitivity, the 
directional characteristics and the frequency weighting of a sound 
exposure meter. 

2.9 Reference Frequency is a frequency specified by the manufacturer 
in the range of 200 Hz to 1 000 Hz used for calibration of the absolute 
sensitivity of a sound exposure meter. 

Note — A reference frequency of 1 000 Hz is preferred. 

2.10 Reference Sound Pressure Level is a sound pressure level 
specified by the manufacturer used for calibrating the absolute sensitivity 
of the sound exposure meter. 

Note — A reference sound pressure level of 94 dB is preferred or, if this level is 
not within the measuring range of the instrument, 84 dB or 74 dB. 

2.11 Reference Range of a sound exposure meter is a range specified 
by the manufacturer for calibration purposes. The reference sound 
pressure level shall be included in this range. 

3. GENERAL CHARACTERISTICS 

3.1 A sound exposure meter is generally a combination of a microphone, 
an amplifier with specified frequency weighting, a squaring device, a 
holding upper-limit indicator, a threshold circuit, an integrator, and an 
indicator. The actual instrument need not be separable into such 
individual functional elements since the primary basis of acceptability of 
the instrument is its overall performance. For convenience o[ description 
of the required characteristics of the device, however, the instrument is 
treated as if it is the combination of separable individual elements as 
shown diagrammatically in Fig. 1. 

8 
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Fig. 1 Example of Functional Elements of a 
Sound Exposure Meter 

3.2 The frequency characteristic of the overall instrument is specified in 
Table 1. The relative response level is given at discrete, preferred 
frequencies, but the desired response is that corresponding to a smooth 
curve passing through the specified points. The tolerances are identical 
to those for a Type 2 or Type 3 sound level meter according to 
IS: 9779-1981*. 

3.3 The holding upper-limit indicator is optional though strongly 
recommended. The exponential averaging device included with the 
holding upper-limit indicator shall have a nominal time constant of 
100 fs, 35 ms, 125 ms, or 1 000 ms as specified by the manufacturer. 

The tolerances on the rise and overshoot response of the exponential 
averaging device shall be as specified in IS : 9779-1981* for peak, I, F 
and S respectively. 

3.4 The integrator sums, over time, a signal proportional to the squared, 
A-weighted sound pressure when the amplitude of this signal is above 
the threshold value. 



* Specification for sound level meters. 
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3.5 The indicator may be built into or separate from the wearable unit. 
The quantity displayed is the sound exposure in Pa 3 h. The smallest 
increment indicated shall be 0'05 Pa 2 h or smaller. The sound exposure 
meter shall indicate exposure over a range of at least O'l to 10 Pa 2 h. 

3.6 The principle of operation of the exposure meter is described 
mathematically as follows: 



- [£dt 
Jo 



E = U«dt (3) 

Jo 
or, if p is held constant as during testing: 

E = p*T { 4 ) 

where 

T = measurement duration in hours, 
t = time in hours, 

p = weighted sound pressure in pascals, and 
E = sound exposure in Pa 2 h. 

3.7 The manufacturer shall state means for inserting an electrical signal 
in place of the microphone and for measuring an output ahead of the 
integrator circuit. These points are indicated in Fig. 1 as test points. 

4. INSTRUMENT CHARACTERISTICS AND TOLERANCES 

4.1 The complete instrument, mounted in a manner specified by the 
manufacturer but without an observer disturbing the sound field, shall 
have the frequency response and tolerances specified in Table 1 in the 
specified reference direction. The manufacturer shall state the range of 
sound level and duration over which the instrument satisfies the 
requirement of this standard. A controlled cut off in response may be 
provided for sound having a level less than the threshold level as defined 
in 2.2. The threshold level, or if the device does not include a threshold, 
an equivalent level to be used for testing purposes shall be specified by 
the manufacturer. The accurac xr of tbe instrument at Q^* ^^ o^/i ^+ .-"u^ 
reference frequency shall be 20 percent for a Type 2 instrument 
and 30 percent for a Type 3 instrument of the indicated exposure. 

4.1.1 It is possible to convert equivalent continuous sound level in 
decibels to exposure by use of equation (1) and is useful for testing 
purposes. 

4.2 Directional Characteristics — The directional characteristics of 
a measuring system including the wearer are strongly affected by the 

10 
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presence of the wearer and the mounting position of the exposure meter 
or its microphone. For this reason, no tolerances on directional charac- 
teristics are given in this standard. 

4.3 Amplifier Characteristics — When a sensitivity range control is 
included in a sound exposure meter, it shall introduce an error of less 
than ± 07 dB ( + 17 percent, — 15 percent ) for Type 2 and ± 1*0 dB 
( + 26 percent, — 21 percent ) for Type 3 instruments over the frequency 
range of 31 "5 Hz to 8 kHz for all settings, with respect to a range setting 
specified by the manufacturer as the reference range. When a sensitivity 
range control is included in a sound exposure meter, it is recommended 
that it be arranged so that ranges overlap by at least a number of 
decibels equal to one-half the number of decibels in a range step. 

4.4 Characteristics of the Squaring Device and Integrator 

4.4.1 Tests of the squaring device accuracy using tone bursts are 
specified in 6. For the test specified in 6.6, the error shall be less than 
± 1*0 dB ( + 26 percent, — 21 percent of indicated value ) for Type 2 
and ± 1"5 dB ( -j- 41 percent, — 29 percent of indicated value ) for 
Type 3 instruments. 

4.4.2 The linearity of the sound exposure meter shall be ± 0*5 dB 
( -f- 12 percent, — 1 1 percent ) over the range from 85 to 115 dB referred 
to the 94 dB reference level when measured with a steady sine-wave test 
signal at the reference frequency. Over the full dynamic range, as 
specified by the manufacturer, the linearity shall be ±1*0 dB 
( -f 26 percent, — 21 percent ). The details of tests are given in 6.7. 

4.5 Power Supply — A battery test method shall be specified by the 
manufacturer that ensures a battery voltage adequate to operate the 
instrument within specifications. The recommended battery shall have 
sufficient capacity to operate the instrument within all specifications for 
at least eight hours. It is recommended that the battery test criterion 
should be such as to demonstrate that the battery has sufficient capacity 
to operate the instrument for a period of 8 h. 

4.6 Field Calibration — A field method to verify calibration shall be 
specified by the manufacturer. This method should be of the acoustic- 
coupler type so as to include the microphone in the test. The test 
shall have the capability of verifying the correct operation of the sound 
exposure meter. A check at one level and frequency is satisfactory. It 
is recommended that a 1 000 Hz acoustic signal be used. The check 
should require not more than 1 min for application of the input signal 
and not more than 2 min total time. 

11 
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4.7 Holding Upper-Limit Indicator — If a holding upper-limit 
indicator is provided, its trigger level shall be stated by the manufacturer 
and it shall be tested by the method given in 6.5. 

5. SENSITIVITY TO VARIOUS ENVIRONMENTS 

5.1 The sensitivity of the instrument shall not change by more than 
rt: 0'5 dB ( + 12 percent, — 11 percent ) for a variation of ± 10 percent 
from the reference static pressure when tested at a frequency in the range 
from 200 Hz to 1 000 Hz. 

5.2 When the microphone is replaced by an equivalent electrical 
impedance and the sound exposure meter is placed in a sound field equal 
to the upper limit of the dynamic range for the time period corres- 
ponding to an exposure of 1 Pa 5 h, the readout shall indicate 0*1 P 2 h 
or less. 

5.3 The effects of magnetic and electrostatic fields shall be minimized. 
The complete sound exposure meter, including microphone, shall be tested 
in a magnetic field of strength 80 A/m ( 1 oersted ) at 50 or 60 Hz. It 
shall be oriented in a direction which gives a maximum indication and 
the duration shall be stated. It is recommended that the exposure 
duration be 1 h. 

5.4 The temperature range over which the calibration of the complete 
instrument, including the microphone, is not affected by more than 
10 percent referred to the indication at 20°C shall be given by the 
manufacturer. This test shall be made at the reference frequency and 
on the reference range. The sensitivity of the complete instrument shall 
not be affected by the more than 10 percent in the temperature range 
from -f 10°G to + 40°C. 

5.5 The sensitivity of the complete instrument, including the microphone, 
shall not be affected by more than 12 percent in the range of relative 
humidity from 65 percent to 90 percent. The test shall be conducted at 
the reference frequency, on the reference range, and at a temperature 
of40°C. 

5.6 The influence of electromagnetic fields on the operation of the sound 
exposure meter shall be reduced as far as practicable. The manufacturer 
shall indicate any possible limitations on the use of the meter in proximity 
to a source of electromagnetic radiation. 

6. CALIBRATION AND VERIFICATION OF THE BASIC 
CHARACTERISTICS OF THE SOUND EXPOSURE METER 

6.1 Reference Ambient Conditions — The test described in 6.2 
to 6.8 shall be used to check that the requirements given in 4 are met. 

12 



All tests shall be made at, or referred to, the standard reference 
conditions of 20°C, 65 percent humidity, and 10 5 Pa atmospheric pressure. 
The test may be divided into acoustical and electrical tests if no loss in 
accuracy occurs. 

6.2 General — The sound exposure meter itself ( when not mounted on 
a wearer ) shall be calibrated in absolute sensitivity at the reference 
frequency. The sound field shall consist of plane-progressive waves 
arriving at the microphone in the specified reference direction, at a 
reference sound pressure level of 94 dB. A wearer shall not be present in 
the sound field. Before the test is made, the meter shall be adjusted 
and checked according to the specifications of the manufacturer. 

6.3 Weighting 

6.3.1 The frequency weighting of the sound exposure meter shall be 
tested in a sound field consisting of plane-progressive waves arriving at 
the microphone in the reference direction of incidence. At the reference 
frequency, the level of the unweighted sound pressure shall be at the 
reference sound pressure level or no more than 20 dB below this level. 
The sound field shall not be disturbed by the presence of any wearer or 
observer. 

6.3.2 Tests may be divided into acoustical and electrical tests if no loss 

111 Atl'Uia^Y ICOUIIO. All t^aLllifct j.i^i^ut'JAX'j' TV wjgubi.i»g 3 ui«~ vu.iuv.0 u^nvcu 

from Table 1 may be converted to sound exposure using equation (1) or 
alternatively, the signal may be measured at the test point after the 
frequency weighting network ( sie Fig. 1). 

6.4 Amplifier Circuits 

6.4.1 The crest factor capacity of the amplifier is tested simultaneously 
with that of the squaring and any averaging circuits as described in 6.6. 
Amplifier noise is tested by replacing the microphone with an equivalent 
electrical impedance. The sound exposure meter is then operated for a 
time of 8 h in a quiet area. The indicated sound exposure must be 0*1 
Pa 2 h or less. 

6.5 Holding Upper-limit Indicator — When the microphone is 
replaced by an equivalent electrical impedance and a 1 000 Hz sinusoidal 
signal is applied at a level 2 dB greater than the specified trigger 
level for the holding upper-limit indicator, the indicator shall trigger 
within a time equal to two time constants for the exponential averaging 
circuit used in the particular instrument. The test shall be repeated 
with the level reduced to the specified trigger level and the holding 
upper- limit indicator shall not trigger. 

13 
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6.6 Impulsive Sounds — The ability of the device to handle impulsive 
sounds is tested by comparing the indication for tone bursts to that 
for a continuous sine wave signal. It is recommended that the sine- 
wave signal have a frequency of 2 kHz. The tone burst shall have an 
rms value identical to that of the reference sine-wave signal where both 
signals are measured through a device that introduces weighting within 
the tolerances given in Table 1 . The Type 2 instrument is tested with 
a signal consisting of four cycles of a sine wave of frequency 2 kHz 
starting and ending at zero crossings. The Type 3 instrument is tested 
with a signal consisting of eleven cycles of a sine wave of frequency 
2 kHz starting and ending at zero crossings. Both test signals shall 
have a repetition frequency of 40 Hz. The test signal is fed to the 
electrical input of the exposure meter in series with the microphone or 
its equivalent impedance at a level corresponding to 1 dB below the 
stated upper limit of the dynamic range. The difference shall be less 
than +26 percent, — 2 1 percent ( ± 1 dB ) for a Type 2 instrument 
and less than + 41 percent, ~ 29 percent { ± 1'5 dB ) for a Type 3 
instrument of the indicated exposure. A similar test with the same 
tolerances shall be made at 5 dB above the threshold level or an 
equivalent level specified by the manufacturer as the lower limit of the 
dynamic range. 

6.7 Linearity 

6.7.1 The linearity of the system that includes the hearing device and 
integrator is tested at a frequency of 1 000 Hz to satisfy the tolerances 
given in 4.4. For meters equipped with a sensitivity range control, the 
tests shall be made on the specified reference range. The instrument is 
first tested using signals of various level and duration that should 
nominally produce an exposure of 1 Pa 2 h. The levels and durations 
given below that lie within the dynamic range of the meter, shall be 
used. 

Level {dB ) Exposure Duration 

( minutes ) 

85 480 
Reference 94 60 

95 48 

105 4-8 

115 048 

6.7.2 The instrument is then tested using signals at the stated upper 
and lower limits of the dynamic range. At the upper limit, the signal is 
applied for a time that should produce on indication of 10 Pa 2 h and at 
the lower limit for a time that should produce an indication of 01 Pa 2 h. 

14 
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Before making this test, the sensitivity of the exposure meter shall 
be adjusted such that it will indicate 1 Pa ? h after an exposure at the 
reference level of 94 dB for a period of 1 h. 

6.8 Threshold Level — The threshold level shall be tested at a 
frequency of 1 000 Hz. A sinusoidal test signal is applied at a level 3 dB 
below the stated threshold level for a duration of eight hours. The 
indicated sound exposure shall be not more than 0*1 Pa*h. 

7. INSTRUCTION MANUAL INFORMATION 

7.1 An instruction manual shall be supplied with the exposure meter that 
includes at least the information listed below in addition to that marked 
on the instrument. 

7.1.1 Reference frequency. 

7.1.2 Reference range. 

7.1.3 Threshold level or equivalent level to be used for testing. 

7.1.4 Reference direction for calibration. 

7.1.5 Holding-upper-limit-indicator trigger level if one is provided. 

7.1.6 Upper and lower limits of the dynamic range where the sound 
exposure meter satisfies all specifications. 

7.1.7 Typical free-field frequency response characteristics for the 
reference direction of incidence or random incidence response. 

7.1.8 Result of magnetic field test given in 5.3. 

7.1.9 Operating temperature range as specified in 5.4. 

7.1.10 Limits of temperature and humidity for storage. 

7.1.11 Field calibration procedure. 

7.1.12 Recommended battery type and checking procedure. 

7.1.13 Recommended mounting position. 

7.1.14 The electrical impedances that may be connected to test points. 

7.1.15 Typical response curves for the system including the exposure 
meter and wearer with the instrument fastened in the recommended 
position. 

7.1.16 The nominal time constant of the holding-limit indicator. 

7.1.17 The equivalent impedance of the microphone. 
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APPENDIX A 

(Clause 2.3) 

TONE BURST TESTING 

7* 

A-l. It is easier to measure the burst duty factor, — — , of a tone burst than 

A 

its crest factor — ' These two parameters are related by the following 
equation: 

"27" 






where 

u is the peak value of the signal measured from zero, 

u is the rms value, 

T is the fundamental period of the signal, and 

ti is the time during which the signal has a non-zero value. 
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